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Publisher’s Note 


In this collection of unpublished manuscripts of Srinivasa Ramanujan, we 
have first reproduced a major portion of the “Lost Notebook”, consisting of 90 
unpaginated sheets representing his work on q-series and other topics. The 
"Lost Notebook" was brought to light in the spring of 1976 as *part of the 
Watson bequest" by Professor G.E. Andrews whose introduction precedes the 
text of the "Lost Notebook" reproduced here. This is followed by letters 
written by Ramanujan to G.H. Hardy during his stay in English nursing 
homes, on many mathematical topics including “coefficients in the 1/g; and 
1/g; problems” as well as the only available remnant of his famous letter dated 
12 January 1920 on mock theta functions. Various sheets in Ramanujan's 
handwriting seemingly related to these letters have been inserted close to them. 


Next, we have provided a hitherto unpublished manuscript of Ramanujan's 
on "Properties of p (n) and 7 (n) . . .” dealing with congruence relations 
satisfied by these arithmetical functions. One may find, thereafter, 28 sheets 
copied from the *Loose Papers" of Ramanujan held in the Trinity College 
Library; these include a note on "Reciprocal functions", another concerning 
"Approximate summation of series involving prime numbers", Ramanujan's 
marvellous discoveries on Euler products for Dirichlet series associated to 
modular forms and his famous "forty identities", with relevant sheets in 
Ramanujan's handwriting juxtaposed. (Ramanujan's work on the latter two 
topics has been highlighted in a paper of B.J. Birch, [32] of Professor Andrews' 
Introduction). 


The subsequent 117 pages include Ramanujan's unpublished work related 
to various papers of his, especially in continuation of the one entitled *Highly 
composite numbers" and “On certain trigonometrical sums. . .” with Hardy’s 
notings there on; besides, one may find here class invariants listed by 
Ramanujan and a host of interesting identities of an arithmetic nature. 


At the end, we have taken care not to miss out on interesting letters from 
J.E. Littlewood to G.H. Hardy, G.H. Hardy to Ramanujan, G.H. Hardy to 
G.N. Watson, etc. with a bearing on Ramanujan's work and various other 
letters of some significance. Fragments in Ramanujan's handwriting have all 
been arranged as appropriately as possible. This last section contains also EH. 
Neville's letter on Ramanujan extracted from Nature of 20 January 1921. 
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Introduction 


1. Background 


It is with great pleasure that I write this introduction to Ramanujan's Lost 
Notebook shortly before the one hundredth anniversary of Ramanujan's 
birth. This document contains some of Ramanujan's most profound 
discoveries, and in due course I shall discuss them. First I shall try to 
present what is known of the history of this document. To do this we can 
perhaps best rely on R. A. Rankin's description [61; p. 93]: 


“Part of the Watson bequest . . . consists of a collection of 87 loose 
sheets of work on q-series and other topics. The order in which the sheets 
occur in this “long manuscript’ is somewhat haphazard and some sheets 
‘contain writing on both sides, so that there are altogether more than one 
hundred pages of mathematics. This long MS extends the work discussed by 
Watson and has been described by G. E. Andrews in [10] and subsequent 
papers. Two pages from it are reproduced in [10] and [50]. 

"It is clear that the long MS represents work of Ramanujan subsequent to 
January 1920 and there can therefore be little doubt that it constitutes the 
whole or part of the packet of miscellaneous papers dispatched to Hardy 
from Madras on 30 August 1923. This corroborates Andrews' “contention 
that this manuscript or notebook was written during the last year of 
Ramanujan's life after his return to India from England' [10]. 

“The long MS has now been widely referred to as Ramanujan's “lost 
notebook” and the romantic implications of these words are clearly 
attractive to many mathematicians, so that it may seem pedantic to object 
that the manuscript is not a notebook, neither, strictly speaking, was it lost. 
It was “found” in November 1965 by Dr J. M. Whittaker lying loose on the 
floor among Watson's papers (not in an old shoe box as has been rumoured) 
and was dispatched by me to Trinity College Library on 26 December 1968 
as part of the second batch of material sent there, and listed as *15. MS (c. 
90 pp.) of SR on q-series and similar topics”. 

“It would be of interest to know when this MS came into Watson's 
possession. One possibility is that it was part of the papers received by 
Watson after B. M. Wilson's death on 18 March 1935; for, as one of the 
editors of the Collected Papers [57], Wilson must have had access to 
Ramanujan's manuscripts. Dr Frederick Bath, who was then a Lecturer in 
Dundee, informs me that he went through Wilson's books and papers for 
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Mrs Wilson and that any papers dispatched to Watson or Hardy would have 
been sent soon after Wilson's death and certainly not as late as the following 
year; Mrs Wilson left Dundee soon after her husband's death. The fact that 
Watson made no reference to the later work of Ramanujan contained in the 
MS (if it was in his possession at the time of writing [66] or [67] could be 
because he had not examined any of Wilson's material in detail. 
‘ “J am inclined to believe, however, that the MS was never in Wilson's 
: possession but came to Watson, presumably at some time after 1936, from 
Hardy. Since it was not among the Wilson manuscripts found by me in July 
1965 it was, presumably, found on a different part of the floor by Dr 
Whittaker and so is unlikely to have been part of the same consignment. 
Moreover, the subject of the MS fits in more with the chapters of Notebook 
2 on which Watson worked. Accordingly, I suggest that the MS formed part 
of the “good many more which need sorting out” mentioned by Hardy in his 
letter of April 1930. 

“The long manuscript consists in the main of thin sheets of foolscap paper 
intermingled with thicker quarto sheets of the kind that Hardy liked to use. 
Some of the latter appear to be sheets of scrap paper taken by Ramanujan 
from Cambridge to India. Four of them (sheets 3, 4, 42 and 77) bear 
Hardy's distinctive handwriting on the reverse sides. The provenance of 
sheet 77 I have not determined, but sheets 3 and 4 are concerned with 
logarithmico-exponential functions—a subject of interest to Hardy when 
writing his Cambridge tract. Sheet 42 is concerned with a related subject 
and can be more precisely identified. It is concerned with the approximate 
solution of the equation 


3 ١ تم‎ = 1060۴ 


SC? and bears the heading: p. 357 37. This identifies the problem as part of 


Example 37 on p. 357 of the first edition of Hardy's famous textbook Pure 
mathematics." 


The Lost Notebook contains nearly 650 formulas. While it is impossible to 


categorize the various formulas completely, a rough approximation of its 
contents is the following: : 


: = qseries and related topics including mock @-functions: 60% 
P Modular equations and relations, singular moduli: 3095 
Integrals, Dirichlet series, congruences, asymptotics, misc.: 1096 


ere are fragments of numerical computations 
all directions. It may be possible eventually 


L 
1 
] 
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to make sense out of some of these pages; if so, the above percentage 
breakdown may change. 

In the past I have published several papers providing sample results from 
the Lost Notebook [10], [11; ch. 2], [22; ch. 1]. Each of these provides some 
description of my first contact with the Lost Notebook. Most of my guesses 
about it in these papers are confirmed in Rankin's paper quoted above. 

In any event it is clear that q-series investigations make up the bulk of the 
work in the Lost Notebook. Indeed I count about 380 formulae that I 
consider to belong more to q-series than to modular relations or other 
topics. In the next several sections I shall describe some of the discoveries 
that have been made by studying the Lost Notebook. 

A charming account of Ramanujan's work, including references to the 
Lost Notebook, was given by F. J. Dyson [36] for the Ramanujan 
Centenary Conference at the University of Illinois in June 1987. 


2. q-Series Transformations 
E. Heine [41] is the pioneer on this topic. Let 


(A), = (439), = (I-A) (1-44)... (1-4g”"). 
Then Heine showed [41; p. 106, eq. (5a)] 


$ (A: ale _ (Big)«(Atq)- z (C/B;g),(t:9)n8" 
nh (q:3)(C;d) ۔(9))۔(و:6)‎ sch (q;4), (Atq), 


This formula and its iterations were studied extensively by L. J. Rogers 
[62], and a recent account of Rogers' discoveries is given in [22; Ch. 2]. In 
the mid 1960s, I published a series of three papers [5], [6], [7] wherein 
Heine's transformation methods were applied to more general series which 
included the mock theta functions as described by Ramanujan in his last 
letter to G. H. Hardy [57; p. xxxi]. To my surprise many (but not all) of my 
results are in the Lost Notebook. Of the more than 360 formulas I have 
proved from the Lost Notebook at least 120 require the methods of proof 
developed in [5], [6] and [7]. 


3. Partial and False Theta Functions 


There are many formulae in the Lost Notebook which fit this classification. 
In particular, these formulae involve either series of the form 
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Gu AY 
or finite products of the form 
n H ET 0 
(3.2) H (l+zx) (1+z di 


We refer to such objects as partial theta series in the light of Jacobi's Triple 
Product for theta series [9; p. 21]: 


a eae = D (1239) (ty) (ty be) 
False theta series (first considered by L. J. Rogers [63]) are just linear 
‘combinations of series of the form 3 pot 


We cite as examples of Ramanujan's more appealing results in this area 


n 


5 : => ng6n 4n n+2 
69 JA a ری‎ A, 
as A r CL DCD agg 
E Ea (1-4) (1-q)...(1-q?""}) (1-q*) (-48)...(1- q^") 
i 3 x ago 


Zen 


n 


>>) ۹۹ی٦‎ 


in [10) ; (3.5) in [13; eq. (1.11)], and (3.6) is deduced 
lus two applications of the Rogers-Fine identity 
[3] has also contributed significantly to this 


the continued fractions 0 


[52], [53], [54], and 
in [10] and [14]. 


DING EN 
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Also in [8] prior to learning of the Lost Notebook, I derived what is possibly 
the general theorem on continued fractions referred to by Ramanujan in his 
letter to Hardy [57; mid p. xxviii]. Some of the continued fractions results in 
the Lost Notebook are primarily modular relations, and others are 
genuinely inspired by q-series. In this regard it has been pointed out by 
Ramanathan that the results in Section 7 of [10] were originally redisco- 
vered much earlier by A. Selberg [65]. I suspect that Selberg's proofs more 
closely resemble Ramanujan's than mine do. Among my favorites from 
these formulas is: 


1 3 = ga 
jd EN 1-۵2 
IE — — —— $5 de 
1+... مه ور‎ 1-1 


which appears in [10; p. 102]. 


5. Partitions and Combinatorics 


While there is very little new in the Lost Notebook explicitly on partitions 
and nothing on their combinatorial aspects, it is the case that an immense 
amount on this subject lies just beneath the surface. Indeed in each of [10]. 
[12], [13], [14] and [17], I have endeavored to illustrate applications of the 
formulas in the Lost Notebook to partitions. In [18] and [22; Ch. 9] I 
discussed at length a combinatorial theme that seems to underlie many of 
the formulas in the Lost Notebook. This theme put succinctly is as follows: 
Suppose f(tq)= 2 p,(q)" where p,(q) is a sequence of polynomial 


n>0 
generating functions for certain sets of partitions. Then it often happens 
that lim (1-/) f (£q), روڈاواز‎ and f(-1, q) all appear and play an 
tol 
important role in the Lost Notebook. For example, let p,(q) be the 
generating function for partitions with largest part > n and difference 
between parts at least 2, then 


S lee 
(5.1) lige (Edf) = D cq dg: 


1 
while f(q’”, q) = Fo (q?) and f(-1,q) = 3/09) are both fifth order 


mock theta functions. The fact that this phenomenon occurs over and over 
suggests its importance in understanding Ramanujan's work. 
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6. Partitions and Congruences 


In 1944, F. J. Dyson [35] conjectured a combinatorial interpretation of the 
partition congruences 


p(Sn+4) 


0 (mod 5) 
and 
p(7n+5) = 0 (mod 7). 


He defined the rank of a partition to be the largest part minus the number 
of parts. Thus the rank of 6+6+4+3+2+2+1 is 6-7 = —1. Dyson 
conjectured that the number of partitions of 5n--4 with rank congruent to r 


(mod 5) is 3 p (Sn+4) (i.e. the same for any r), and a similar explanation 


holds for p(7n--5) (mod 7). These conjectures were subsequently proved by 
A. O. L. Atkin and P. Swinnerton-Dyer [29]. In [38], F. Garvan points out 
that in fact the central identities derived by Atkin and Swinnerton-Dyer 
were in fact buried in the Lost Notebook. 

Dyson [35] also noted that the congruence 


p(11n46) = 0 (mod 11) 


could not be explained using the rank. He conjectured the existence of a 
partition statistic called the crank, which would divide the partitions of 
11 +6 into 11 equal classes according to the residue of the crank (mod 11). 
In the summer of 1987, F. Garvan and I [25] found the crank: Let 7 be a 
partition with /(7) the largest part, w(7) the number of 1’s appearing in 7, 
and »(7) the number of parts of m which are larger than the number (71). 
Then the crank c(7) is /(7) if aal = 0 and is Um)-w(m) if o4) > 0. For 
1 epe the eleven partitions of 6 together with their crank are exhibited 
. below: 


a) 
e] 
M 
1 
1 
1 
ا‎ 
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1 om) yT) c(m) 
2+2+2 2 0 3 2 
2+2+1+1 2 2 0 2 
2+1+1+1+1 2 4 0 -4 
1+1+1+1+1+1 1 6 0 -6 


There are many open questions about the crank. Presumably it will be as 
fruitful a partition statistic as the rank. 

Ramanujan's general conjecture (settled by Watson [68] and Atkin [28]) 
on congruences for p(n) [57; p. 210] inspired much important research over 
the years. K. Ramanathan [49] provides an excellent survey of recent work 
and its relationship to Ramanujan's ideas; N.J. Fine also made an 
important contribution to this work (37]. 


7. Theta Type Series Involving Indefinite Quadratic Forms 


Two identities from the Lost Notebook formed the focus of [20]. The first of 
these is as follows: 


(7.1) 3, G(3)- (1-94) (1+4?)...(1+q")) 
= S(q)D(a) +5 WE 
where 
S(q) = 4 +g”), 
D(q) = + +5 SC 
and 
n(n+1)/2 


* ظفلت ےپ‎ T i 
ROD 212 1945.04 


It took me a number of tries to eventually prove (7.1) and its companion 
[20]. In [21], I conjectured that infinitely many of the coefficients in the 
power series expansion of R (q) were zero but that the coefficients were 


unbounded. $ j 
Hickerson, Dyson and I [26] found a proof of these conjectures which 


relies on the following identity: 
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(7.2) R(g) 7,3, 3. (DG ۳7 0 
This series is highly reminiscent of those representing certain modular 
forms studied by Hecke [40] and Rogers [63] (cf. [43], [16]). H. Cohen [33] 
has made a deep and extensive study of series like that appearing in (7.2). 
Again the Lost Notebook has introduced an exciting area of research. 


8. Mock Theta Functions 


The mock theta functions form the most famous discovery in the Lost 
Notebook. Ramanujan discussed them briefly in a letter he sent to Hardy 
just before he (Ramanujan) died. In Ramanujan’s Collected Papers [57; p. 
354] mock theta functions are described as follows by Hardy: 


“Ramanujan . . . makes it clear that what he means by a 'mock 
6-function' is a function, defined by a q-series convergent for |g| « 1, for 
which we can calculate asymptotic formulae, when q tends to a “rational 
point’ ۳۳, of the same degree of precision as those furnished, for the 


ordinary G-functions, by the theory of linear transformation. Thus he 
asserts, for example, that if 


4 


T q q 
f(q) = DUE gygy d ترش‎ 


and q = جاع‎ 1 by positive values, then 


f(q) + y 


_ ©. N. Watson was the first to study them extensively [66], [67]. 
Subsequent authors have added to our knowledge of them [2], [4], [15], 
[18], [19], [23], [24], [34]. Indeed the subject of Section 7 seems closely tied 
to mock theta functions. For example, in [19] it was shown that for the fifth 
order mock theta function fola), we have 


Lët 


] T t 
T سس تسس‎ ” 
ہآ‎ 242 4 e 


E cmm AN 
fla) = 1+ ¥ 2(...)1و+119()1)‎ + ( 


> 5 IT oP ار‎ 473). 


i 
d 
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Similar results are given for many of the fifth order mock theta functions 
and each of the seventh order mock theta functions. Indeed the study in [19] 
led incidentally to the identity 


nip an?-+2n-['2 | 2n+1 
[345 d وب‎ D ٦ 
n=0 


(8.2) nav ار‎ (1-q?7*!) 
which trivially implies Gauss's famous theorem that every integer is a sum 
of three triangular numbers. 

In [24], F. Garvan and I point out that ten identities for the fifth order 
mock theta functions given in the Lost Notebook can be reduced to two 
simply stated conjectures on partitions. We have titled these the Mock 
Theta Conjectures. Again the rank of a Partition (the largest part minus the 
number of parts) is required. We denote by R,(n) the number of partitions 
of n with rank congruent to b (mod 5). 


First Mock Theta Conjecture. For each n < 0, R, (5n)—Rp (Sn) equals the 
number of partitions of n with unique smallest part and all other parts < the 
double of the smallest part. 


Second Mock Theta Conjecture. For each n > 0, 2R» (Sn+3) — R, (5n+3) — 
Ro (5n+3) — 1 equals the number of partitions of n with unique smallest 
part and all other parts < one plus the double of the smallest part. 

It is my guess that these conjectures are tightly bound up via (8.1) with 
the general theory being developed by Cohen, Hickerson and others for the 
problems discussed in Section 7. 

There are many other ways in which the mock theta functions arise. The 
combinatorial study [18] described in Section 5 has close links with mock 
theta functions. The pioneering work of I. G. Macdonald [44] on affine root 
systems identified certain modular forms as constant terms of theta type 
products in several variables. Now it has been determined that many mock 
theta functions also appear in this setting [23]. 

Indeed the profundity and fecundity of the mock theta function was 
perhaps best expressed by G. N. Watson at the close of his Presidental 
Address to the London Mathematical Society in 1935: 


“Ramanujan’s discovery of the mock theta functions makes it obvious 
that his skill and ingenuity did not desert him at the oncoming of his 
untimely end. As much as any of his earlier work, the mock theta functions are 
an achievement sufficient to cause his name to be held in lasting remem- 
brance. To his students such discoveries will be a source of delight and 
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wonder until the time shall come when we too shall make our journey to 
that Garden of Proserpine where 


Pale, beyond porch and portal, 24 
Crowned with calm leaves, she stands p 
Who gathers all things mortal l 

With cold immortal hands.” 


9. Integrals 


Ramanujan was an expert on definite and indefinite integrals and the Lost x 
Notebook has around fifty results on integrals. Among my favorites is 


A 


l 

q? 
i+, " EE 

q 
1+ 
1+... 
V5-1 | 1.p (AO... dr 
ھن ہج‎ Bas | (1-8) (1-09)... f ^ < 
which is proved in [14; p. 188, eq. (1.15)]. 
xeu Many of the integrals in the Lost Notebook are Mordell integrals. The 

PNE relationship of Mordell integrals to Ramanujan's work was first considered - ۴ 
by G. N. Watson [66], and their relevance to functions found in the Lost i^ EE 


Notebook is considered in [15]. 


In [22; Ch. 5], there is a survey of recent work on definite integrals, and 

R. Askey [27] has given an elegant treatment of some Ramanujan's 
integrals. 

S. Raghavan [47], [48] and S. S. Rangachari [60] have provided a nice 

e treatment of some of the elliptic integrals appearing in the Lost Notebook. 


« 
em 


odular Equations and Relations 


€ are many formulae in the Lost Notebook l- 
and related relations. K. G. Rama- a 

number of elegant papers on this portion || 
| of these papers are devoted to ` ` 

hey definitely should be mentioned in 

1 [53; p.69] proves the following 


LU 


8 


AY 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


(10.1) sv = [-(7+5V5)+ 55+275)", 
where 
1 
(02? گم‎ 
ji! 
2 
Lë 
1-4 
T 
andq = ۳7 


Further results on this topic have been obtained by S. Raghavan [46], 
[47], [48] and S. S. Rangachari [59], [60]. 

Before Ramanujan returned to India he had obtained the following 
modular relation [32]: 


L 


(10.3) G(a)G(q*) qH(q)H(q’) ==’ 
AI (1-47) 
where 
a 1 
(10.4) Gq) = H Gg") 01-۳8 
and 
E 1 
Ec KO < ag (9) 


This sort of identity has always appeared to me to lie totally within the realm 
of modular functions and to be completely resistant to q-series generaliza- 
tion. One of the greatest shocks I got from the Lost Notebook was the 
following assertion: 


cs Dan on CE Ge 
(10.6) E (1-45) (1-4)...(1-q*7) | E (1-4) EA] 


| oo a q+) = qe} An^ + ورك‎ 

2 سپس‎ | 2 YS 

ach (1-97) (1-45)...(1-q*") | كما‎ (1-4) (1-g3)...(1-g"") 
2 e 


)”0-4 زر 
Identity (10.6) is proved in [11; Ch.2] and reduces to (10.3) when a — 1.‏ 
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` 4. The Famous Notebooks and Berndt’s Contributions 


` Before concluding I wish to commend the important and extensive work by 
Bruce Berndt [30] on the famous Ramanujan Notebooks [58]. Berndt has 
published many papers elucidating Ramanujan's thousands of formulas and 
is currently collecting his work into several books on the subject. The first 
[30] has already been published by Springer Verlag. 

Attention should be drawn to [1] and [31]. Both of these papers treat 
topics that are again taken up in the Lost Notebook. 


12. Miscellaneous Comments 


This short survey of the Lost Notebook was prepared under great time 
constraints. Consequently it is undoubtedly not quite adequate. I have 
included the references which were at hand; but I have undoubtedly 
omitted many contributions that should have been mentioned. For such 
errors 1 offer a humble apology; at least the omissions were unintentional. 
Furthermore I had to refer only to the copy of the Lost Notebook which I 
acquired at Trinity College in 1976. Any page numbering is unreadable on 
my copy, and consequently I have not been able to relate the sections of this 
survey to specific pages of the Lost Notebook. All of this is to be regretted. 
However it is surely appropriate that the Lost Notebook be published 
during the Ramanujan Centenary. Whatever the shortcomings of this 
survey, they are surely insignificant relative to Ramanujan's shining 
. .. mathematical gems now available to the general public thanks to Narosa 
. . Publishing House and especially Mr N. K. Mehra. 


George E. Andrews 
The Pennsylvania State University 
University Park, Pennsylvania 
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DEPARTMENT OF MATHEMATICS, 2 
| PROFESSOR G. N. WATSON, دوع معد‎ THE UNIVERSITY, 


NUS EDGBA 
PROFESSOR R PEIERLS,Osc SON, 
H BIRMINGHAM 5 


karch 19, 1939. 


< Lear Heilbronn, 

1 have written out and enclose a list of the results that 1 
a | was Ciscussing with you on Friday. The eight statements headed G&efiritiona 
CM ain the notation used, end the five statements about Liriehlet Series 


“headed conjectures are the things which require proof. The notetion used 


es paper by bordell is :roe. Camb. zhíl. soc., 19 (1920), 117-124. 


"ith Yind regards, 


Yours sincerely, 
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Lehigh University 
Bethlehem, Pa, 
۰ November 2nd.1937 


Professor G.H.Hardy 
Ey College 

|. Cambridge University 

Cambridge, England 


En professor Hardy: 


l I enclose for your amusement tre first 
. 62 (non-zero ) terms of the H-R series for p(14031) together 
|. with the corresponding remainders, 


single term. Thus it is a simple matter 
es to any number of terms. ‘he only 


The tbeoretical error after taking this 
many terms of the series does not exceed .26 in absolute j 
value, while the actual error is about .00016 , | 


: The value thus obtained for.p(14031) 
. is actually divisible by 114 , in accord with Ramanujan's 
cohjecture. It is not divisible by 119, 


Professor G.N.Watson writes me to say that 

ted the proof of a revised conjecture, 

case of nowers of 11 was still incomplete. "here seems little 
that Ramanujan was wrong in this case. 


I am also writing you to warn you that 
ar sometime this winter from the Guggenheim Foundation 
I have aprlied for a travelling Tellowship for next 
| taken tre liberty of mentioning your name in my 
ever, past statistics show trat the foundation 


rtial to mathematics, so perhaps you will 
lem after all. 


Very truly yours 7 7 /‏ بی 
5 کت 1 Es‏ 7 
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The Hardy-Ramanujan Series for p(14031) 
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r (x) 33572.53285 
n -1331.,35005 

-12,60694 -123,14679 

-5,88991 6.71703 

-0.69755 5.19256 
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0.00331 -1.18419 
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662 NATURE [Jaxuary 20, 1921 


from the India Office in London, but my efforts had ' 


succeeded before this reached Madras. 

Throughout his life Ramanujan kept religiously to 
a diet of vegetables, fruit, and rice, and m England, 
outside his own rooms, food and clothing were a 
continual trial to him, I have known him ask with 
unaffected apologies if he might make his meal of 
bread and jam because the vegetables offered to him 
were novel and unpalatable, and with a pathetic con- 
fidence he has appealed to me for advice under the 
discomforts of shoes and trousers. His figure was 
short, and until his health gave way it was stout. 
His skin, never of the darkest, grew paler during his 
stay in England. His head gave the impression, 
which photographs show to have been false, of 
broadening below the ears, which were small. His 
face was clean-shaven, with a broad nose and a high 
forehead, and always his shining eyes were the con- 
spicuous feature that Mr. Rao observed them to be 
in 1910. 

Ramanujan walked stiffy, with head erect, and his 
arms, unless he was talking, held clear of his body, 
with hands open and palms downward. In conversa- 
tion he became animated, and gesticulated vividly with 
his slender fingers. He had a fund of stories, and 
such was his enjovment in telling a joke that often 


his words struggled incomprehensible through the | 


laughter with which he anticipated the climax of a 
narrative, He had serious interests outside mathe- 
matics; he was always ready to discuss whatever in 
philosophy or politics had last caught his attention, 
and Indians speak with admiration of a mysticism 
of which his English friends understood little. 

Perfect in manners, simple in manner, resigned in 
trouble and unspoilt by renown, grateful to a fault 
and devoted bevond measure to his friends, Ramanu- 
jan was a lovable man as well as a great mathe- 
matician. By his death» I have suffered a personal 
loss, but I do not feel that his coming to England 
is to be regretted even for his own sake. Prof. Hardy 
speaks of disaster because of the hopes he entertained. 
If he pictures Ramanujan as he might have been 
throughout a long-life, tormented by a lonely genius, 
unable to establish effective contact with any mathe- 
maticians of his own class, wasted in the study of 
problems elsewhere solved, Prof. Hardy must agree 
that the tragedy avertedí was the greater. Shortly 
before he left England, at a time of great depression, 
Ramanujan told me that he never doubted that he did 
well to come, and I believe that he would have chosen 
as he did in Madras in 1914 even had he known that 
the choice was the choice of Achilles. 

E. H. NEVILLE. 
University College, Reading, December 7. 


The Mechanics of Solidity. 


THE letters under this title from Mr. R. G. 
Durrant, Mr. V. T. Saunders, and Dr. H. S. 
Allen (NaruRE, December 2 and 23 and January. 6) 
are very interesting and suggestive, but melting 
points rare of little value in discriminating be- 
tween the hard and soft varieties of the same steel, 
and molecular weights, volumes, and frequencies have 
not yet any very definite significance-in relation to 
solid metallic mixtures. My initial proposal that 
certain simple measurements might with advantage 
be substituted for the complicated tests now used by 
engineers and metallurgists was a “practical,” if 
myopic, one; it has evidently been misunderstood, 
so perhaps 1 may be allowed to state the case in 
greater detail. f 

By “solidity” I meant to imply all the properties 
covered by the adjectives strong, elastic, stiff, flabby, 


NO. 2673, vor. 106] 


£ 


| 
| 
| 


| 
| 
| 


tough, hard, mild, brittle, and many others. Soliditv 
may eventually be specificd in terms of atoms and 
molecules, but the specification would be very com- 
plicated, and I cannot at present “take sanctuary 
among the atomists"; solidity may be referred to 
its origins or to its manifestations, and for the 
moment the latter course seems to be the only prac- 
licable one.  Solidity may be analysed in various 
ways, but Hertz has explained the meaning of 
"strength" yery clearly, and it is convenient to take 
strength as the starting point; solidity seems to 
comprise elasticity, strength, and something more, 
namely, the variation of clasticity and strength with 


deformation. Isotropic solidity appears to be a con-. 


tinuum which fades into fluidity; it would be very 


‘desirable to know how many dimensions define this’ 


continuum, but the problem of mechanical testing is 
rather simpler, viz. How many dimensions are im- 
portant, and what is the best way to measure them? 

For the, convenience of readers of NATURE who 
are unfamiliar with current engineering practice I 
may refer to the recent report of the Steel Redearch 
Committee of the Institution of Automobile En- 
gincers; this, of course, is primarily a report on 
certain metals, but incidentally it serves as.a report 
on the tests employed. The procedure is as follows : 
Test pieces are cut to three standard shapes and 
broken under prescribed conditions; four different 
measurements are made on the first piece and one 
measurement on the second and third pieces. The 
second and third tests are each repeated three times, 
and Brinell measurements are made pn all test pieces. 
The report represents practice of a very high standard, 
and the foregoing programme is carried out thrice for 
each of soine two hundred mechanical varieties of 
twenty chemically distinct steels; the report records 
about ten thousand measurements in all, each of them 
involving considerable care and labour. feel sure 
the committee would endorse my view that in certain 
tests the concordance of nine individual measure- 
ments leaves a great deal to be desired; whatever 
these tests may determine, they do not determine 
anything very accurately. 

To obviate all possibility of misconception, I should 
state the proposed alternative plainly. Six simple 
mechanical properties of a metal—density, two elas- 
ticities, and their temperature coefficients—can be 
measured fairly easily and with some precision; the 
temperature coefficient of intrinsic energy makes a 
doubtful seventh. The cannection between these 
properties and practical engineering is admittedly 
obscure, but in the: writer's limited experience this 
is true also of some of the other tests. None of the 
six properties referred to are customarily measured, 
but the single one that is well known—the thermal 
coefficient of  density—bears a decided general 
resemblance to a strength, the particular strength to 
which Hertz has appropriated the word “hardness.” 
Mv suggestion is that these six properties, and pos- 
sibly others, would be worth investigating, and that 
some of them may prove convenient indicators of 
mechanical consistencv; they would certainlv serve 
as indicators of uniformity, and it may be doubted 
whether the other tests do much more. 

Both Mr. Durrant and Mr. Saunders refer to the 
question of definitions, and these are certainly 
required for many of the attributes of solidity; 
hardness, however, appears to be an exception, and 
has been defined ×ط‎ Locke, Hertz. and Clerk- 
Maxwell. A definition established in the seventeenth 
century and supported bv such high authorities cannot 
lightly be set aside; it seems that Mr. Saunders is 
right, and that "Brinell hardness’? is not hardness. 
Verbal difficulties of this kind beget confusion, but, 
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UNIVERSITY OF MADRAS 
No. 56 


SENATE HOUSE 2 ۸۱۱6 1923. 


FROM 
FRANCIS ‘DEWSBURY, ESQ., B.A., LL.B., 
E Registrar, University of Madras. 
0 
6. H. Hardy Esq.,M.A.,F.R.B. 
Sir, 


With reference to this office letter No. 2542, dated 
22nd March 1921, on the proposed memorial volume of the late 
Mr. S. Ramanujam's work, I am now in æ position to send you 
enclosed herewith the biographical sketch (which was to have 
been written by Diwan Bahadur R. Ramachandra Rao, C.S.I., but 
for which in its present form not only he but Mr. P.V. Seshu 
Aiyar, B.A.,L.T., Presidency College, Madras, and the Rev. Dr. 
E.M. Macphail, D.D., Vice-Chancellor of tnis University are 
also responsible). I hope to be able to send you by next 
mail or very. soon thereafter 4 bound manuscript books con- 
taining a transoxript of Mr. Ramanujam's notebook which is to 
appear as an appendix to the memorial volume. In notebook 
4 will also be found at the end transcripts of three quar- 
terly reports which Mr. Ramanujam made upon his work to the 
Board of Studies in Mathematics in this University while he 
eceipt of & special research Scholarship here. It 


was in r 
has been thought possible that some parts of these reports 


might be suitable for publication. 


In this connection I have to ask you whether you 
notebook containing some 


U 


have any information as to a second 
و‎ original work done and written up by him 


parture to Burope. Mr. P.V. Seshu Alyar 
ok being in Mr.Ramanujan's 


of Mr. Ramanujam 


therein before his de 
that he remembers 4his notebo 


states 
ur. K. Ananda Rao, who studied Mathematics at 


possession, 
CC-0. Gurukul Kangri Collection, Haridwar 
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idge while Mr. 8 + was there; is said to have 

en this notebook in Mr. Ramanujam's possession in Cam- 

bridge. If this notebook is in existence, I have to ask 

yop to extract from it such of Mr. Ramanujam's original 

: work as em ‘may consider suitable for. publication in tne 
memorial volume and to send the notebook for preserva-. 
tion with the other notebook in the library of this Uni- 


versity. 


I have the honour to be, 
3 : ۱ Bir, 


Your most obedient servant, 


Registrar. 


3 En mms 
WS 
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SENATE HOUSE, .. 


FROM 
FRANCIS DEWSBURY, ESQ., B.4., LL.B, 
Registrar, University of Madras. 
To 
G. H. Hardy Esq., M.A.,F.R.S. 
لاہ‎ 


In continuation of my letter No. 6796, dated 2nd 
August 1923, I have now seen your letter dated 19th Novem- 
ber 1921 to Mr. K. Ananda Rao, in which you state that. you 


have one of the late Mr. S. Ramanujam's notebooks with you. 
I shall be glad if you will.return the original notebook Hi te 
when you have extracted from it the selected matter for 


printing in the Memorial Volume. 


authors of the biographical sketch, that there is a mist 
of fact in it. The skétch states that Mr. Ramanujam ' 
to school first at Erode. This is'wrong. He first 
to school at Kumbakonam. Will you kindly make the 


- fei? 


sary alteration in the manuscript. A 


I have the | 
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۲ (2 (26) SES 

Aad buc 74 

Notes on the biographical sketch of >. 
Mr. 8. Ramánujam, Y.R.S. x 


1. The biographical park note may fall into two parts, though 
not indicated as ۰ The first part may give a sketeh 
of his life, somewhat en the lines contained herein. 
the second part may contain a oritical account of his 
works, explaining his special powers and tracing the 
grewth and development of these powers - in short that 
part may deal exhaustively with his mathematics. of 
course, Mr. Hardy alone can supply this part. 

2. Page 4. The second notebook is not &t present in the 
Madras University Library. It must be decided, where 
it is to be kept permanently and arrangements made ac- 
cordingly. Of course, the second notebook is bound 
to be more important. 

‘3. Page 9. The original reports are now in the Registrar's 
office files. Probably, it may be better to have them 
removed to the University Library. ,If that is not 
possible, at least a copy of the reports must 6 pre- 
served in the Library and a copy sent to Mr. Hardy so 
that they may edited for inclusion in the collected 

. works as appendix. 
Page 11 ` 

4./ About Ramanujam entitled 'Remanujam's werk in England', 
Mr. Hardy's report may be included in toto in the memo- 


rial volume. 


I 
| 
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It is requested that all 


UNIVERSITY OF MADRAS. 0 
No. 253] مہ‎ E 


SENATE HOUSE — 


مم مم سک used‏ وہہ 


FROM 
FRANCIS DEWSBURY, ESQ., B.A., LL.B., 
Registrar, University of Madras. 
To 
G.E. Hardy Zeg, MA., E.R.S. 
SEEDS 


vith reference to correspondence ending with my 
letter No.6938 dated the 6th instant, I have the honour to 
advise despatch to-day to your address per registered and 
insured post of the four manuscript note-books referred 
to in my letter No.6796 of the 2nd idem. 

I also forward a packet of miscellaneous papers which 2 dm 
have not been copied. It is left to you to decide whether x 
any or all of them should find & place in the proposed 


memorial volume. Katk egen ka. E — 
3 ha Spree I have the honour to be, 
Sir, = 


Your most obedien 


N.N.28/8. 
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